Weil-Malherbe, H. & Bone, A. B. (1951) In preceding papers the effects of p-nitrophenol on the oxidative metabolism of pyruvate and acetate and on oxidative phosphorylation in mammary homogenates have been described (Terner, 1954a (Terner, , 1955a (Terner, , b, 1956 ). These studies have now been extended to the well-known ability of mammary tissue to synthesize fatty acids, demonstrated in tissue slices by Balmain, Folley & Glascock (1952) and in cell-free preparations of mammary gland by Popjak & Tietz (1954 . The latter authors found that in their preparation fatty acid synthesis was not inhibited by 2:4-dinitrophenol by more than LIPOGENESIS IN MAMMARY HOMOGENATES 30 %. In the present paper, experimental conditions are described in which the synthesis of fatty acids in mammary homogenates was inhibited by uncoupling agents and therefore presumed to depend. on oxidative phosphorylation. In anaerobic experiments lipogenesis could be shown to occur under certain conditions, which included the maintenance of a vigorous rate of glycolysis. A preliminary account of part of this work has been given to the Biochemical Society (Terner, 1954c) .
EXPERIMENTAL
Material. The mammary glands of lactating guinea pigs were passed through a Latapie mincer and the minced tissue was washed three times with cold 0-154M-KCI.
The tissue was then ground in a Potter homogenizer in a medium containing 0-154M-KCI, 0-024M-KHCO3 and 0-02 M nicotinamide. The suspension was then strained through muslin and diluted with 0 154M-KCI to give a 1 in 5 homogenate (dry wt. 50-60 mg./ml.).
Reaction mixture. The basal medium contained in addition to 0-154M-KCI: MgCl2, O.1M; nicotinamide, 0-02M; cozymase, 1-25-2-5 X 10-4M; adenosine triphosphate (ATP), 04001M; phosphate buffer, pH 7-4, 0-0025-04005M and aminotrishydroxymethylmethane buffer, pH 7-2, 0-02M. Further additions were made as stated in the text and in the Tables. The gas phase was air. The homogenate (1 ml.) and hexokinase (when added) were placed in the side arm of the Warburg flask (cooled in ice water) and were mixed with the medium in the main compartment immediately before the vessel was placed in the thermostat at 37°. The volume ofthe complete reaction mixture was 4 0 ml. Readings were begun after equilibration for 10 min. In some experiments, in which large manometric flasks (Krebs & Eggleston, 1945) were used, the volume of the homogenate was 5 ml. in a total volume of 20 ml. These flasks required an equilibration period of 20 min. All manometric data have been corrected by extrapolation to include the equilibration period.
Recovery of respiratory CO2. At the end of the incubation period the 'bound CO0' was liberated from the medium by the addition of acid, and was absorbed in the NaOH in the centre wells which had served to absorb CO2 during the measurements of 02 consumption. The NaOH was transferred to test tubes, carrier K2CO,was added and the mixture precipitated with BaCl2. The BaCO3 was washed, dried and weighed.
Isolation of mixed fatty acid8. The reaction mixtures were transferred to round-bottomed flasks and the Warburg flasks were washed with a mixture of ethanol-ether (2:3, v/v). The solvent was removed and the fat was saponified by refluxing the tissue with ethanolic KOH. When the amount of fat in the tissue portions was small, carrier fat extracted from mammary tissue and kept in ethereal solution was added before saponification. The extraction and isolation of the fatty acids as calcium salts was carried out as described by Balmain et al. (1952) ; when [14C]acetate was one of the substrates, the light-petroleum solution of the free fatty acids was washed with unlabelled acetate before titration with Ca(OH)2.
Determination of radioactivity. The samples of BaCO3 and calcium salts of fatty acids were plated on disks (2 cm.2) and counted with an end-window counter at infinite thickness.
The amount of radioactive carbon appearing in the respiratory CO2 and in the fatty acids was calculated from the total activity of the products and the specific activity of the labelled substrate, and is expressed in terms of amount of substrate appearing in the products.
Reagents and analytical methods. The potassium salt of ATP, supplied by Pabst Laboratories, Milwaukee, U.S.A., and the sodium salt, supplied by L. Light and Co. Ltd., were used. Cozymase (85% pure) was obtained from Schwarz Laboratories Inc., New York, U.S.A. Hexokinase was prepared from baker's yeast according to Meyerhof (1927) ; extracts were prepared containing in 0.1 ml. about nine hexokinase units as defined by Berger, Slein, Colowick & Cori (1946) . Crystalline potassium pyruvate was prepared according to Korkes, del Campillo, Gunsalus & Ochoa (1951) . Commercial sodium fumarate and p-nitrophenol were purified by repeated recrystallization. Oxaloacetic acid was a sample kindly given by Dr G. Popjik.
[14C]Acetate and pyruvate were obtained from the Radiochemical Centre, Amersham.
Citric acid was determined by the method of Taylor (1953) with some modifications previously outlined (Terner, 1955a) , and inorganic phosphate according to WeilMalherbe & Green (1951 (Terner, 1955 a) . In the present study it was found that to promote optimum rates of lipogenesis fumarate had to be added in relatively large amounts (0.005M), and that a graded response was observed when fumarate was added in intermediate concentrationm (Table 1) .
Appearance of 8ubstrate carbon in re8piratory C02.
As shown in Table 1 , the stimulation of lipogenesis by fumarate in increasing concentration was accompanied by a progressive decrease in the amount of radioactive substrate carbon appearing in the respiratory C02. A study of the time-course of the appearance of 14CO2 during the metabolism of [carboxy-"4C]acetate in the presence of fumarate revealed a slow initial increase in the radioactivity of the C02, followed by a rapid rise about 15 min.
after the start of the incubation period ( Fig. 1 ).
Effect of other intermediate8 on the metaboliem of [carboxy-_4C]acetate. In the presence of fumarate, the addition ofglucose was found to result in further stimulation of incorporation of [carboxy-14C]acetate into fatty acids, without appreciably affecting the activity of the respiratoryC02 (Table 2) . The further addition of hexokinase depressed the stimulating action of glucose on lipogenesis and also diminished the radioactivity of the respiratory C02 (Tables 3   and 7 ).
The addition of unlabelled pyruvate to the system metabolizing [carboxy-14C]acetate and fumarate resulted in a marked depression of the radioactivity of the respiratory C02 and, to a lesser extent, of the fatty acids (Table 3) .
Effect pyruvate, but this was not so when the concentration of p-nitrophenol was increased to 4 x 10-4M. As previously described (Terner, 1955a) , the addition of p-nitrophenol to mammary homogenates metabolizing glucose or pyruvate resulted in a marked stimulation of respiration. With glucose the stimulation of respiration by p-nitrophenol was more pronounced when hexokinase was added to the system. In the presence of pyruvate or of glucose plus hexokinase the increased 02 consumption caused by the nitrophenol was also accompanied by an increase in the radioactivity of the respiratory CO2 derived from the labelled acetate. Higher concentration of p-nitrophenol (4 x 1O-4M) inhibited both 02 consumption and 14CO2 production ( Table 3) . Effect of p-nitrophenol on metabolism of [2-14C]-pyruvate. When 2_14C-labelled pyruvate was oxidized in the presence offumarate, radioactive carbon was recovered in the fatty acids and in the respiratory CO2. The addition of p-nitrophenol resulted in a marked decrease in the radioactivity of the fatty acids and in a considerable increase in the amount of isotope appearing in the CO2 (Tables 4 and 5 ). Effects of other inhibitors on the metabolism of acetate and pyruvate. As reported in previous communications (Terner, 1954b (Terner, , 1955b Aerobic phosphorylation and fatty acid synthesis.
In view of its inhibitory action on the metabolism of acetate, fluoride could not be used to protect the phosphorylating system against the action of phosphatases. Nevertheless, a net uptake of inorganic phosphate could be shown to accompany the synthesis of fatty acids from acetate; both phosphorylation and fatty acid formation were inhibited by p-nitrophenol (Table 7) . By following the fate of the C2 fragment derived from acetate or pyruvate through the various stages of the cycle (see Potter & Heidelberger, 1950) , it can be seen that the part of citric acid corresponding to the C2 fragment will not give rise to carbon dioxide during the first turn of the cycle. Since in the present experiments relatively large amounts of fumarate had to be added to promote lipogenesis, the specific activity of the fragment passing through the fumarate stage of the cycle was considerably diminished by isotope dilution, before it was converted into oxaloacetate and re-entered the cycle in a position in the citric acid molecule from which its carbon atoms could be evolved as carbon dioxide. A gradual rise in the activity of the respiratory carbon dioxide, which depends on the speed at which the fumarate pool could become labelled with 14C, must therefore be expected. Such a rise is shown in Fig. 1 . Furthermore, since in mammary homogenates metabolizing pyruvate or acetate in the presence of high concentrations of fumarate there is accumulation of citric acid in appreciable amounts (Terner, 1955 a) , some of the radioactive carbon will be trapped in the citric acid.
Fatty acids which are formed from C2 fragments (acetyl-coenzyme A) which have not passed through the cycle would be expected to enter the pool of preformed fatty acids without previous 536 C. TERNER
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diminution of their radioactivity by the mechanism considered above. However, the oxidative breakdown ofendogenous fatty acids present in mammary homogenates is likely to result in the dilution of the 14C-labelled acetyl-coenzyme A. Effect of gluco8e and pyruvate on the metaboli8m of [carboxy-14C]acetate. Balmain et al. (1952) have shown that glucose stimulates the synthesis of fatty acids from acetate by rat and sheep mammary slices. Popjak & Tietz (1954) confirmed their findings in mammary slices; in mammary suspension, however, these authors found glucose ineffective in promoting fatty acid synthesis although certain members of the citric acid cycle stimulated lipogenesis. In the present paper it has been shown that the stimulating action ofglucose on the synthesis of fatty acids from acetate can be demonstrated also in mammary homogenates. Since in these preparations which have a low hexokinase activity (Terner, 1952) glucose is broken down relatively slowly, the addition of hexokinase may be expected to increase the stimulating action of glucose. However, the effect was variable and although a net stimulation could be observed in some cases, in most experiments the presence of hexokinase resulted in a decreased activity of the fatty acids. The activity of the respiratory carbon dioxide was depressed at the same time, as may be expected if the unlabelled acetyl-coenzyme A derived from glucose diluted the labelled acetylcoenzyme A derived from acetate. Comparison of the ratios of activities of fatty acids and respiratory carbon dioxide shows that glucose increased this ratio whether added alone or in conjunction with hexokinase, so that even when the activity of the fatty acids was depressed an actual stimulation of fatty acid synthesis seemed indicated.
The slow breakdown of glucose may also explain the different effects of unlabelled glucose and pyruvate on the metabolism of [carboxy-14C]acetate in mammary homogenates. Pyruvate invariably caused a depression of the activities of the fatty acids and the respiratory carbon dioxide derived from [carboxy-14C]acetate, in the same experiments in which glucose caused stimulation. If the effect of glucose were due to the energy produced by its oxidation via the Krebs cycle it might be expected that glucose and pyruvate should have had the same effects. However, because of the relatively slow breakdown of glucose, the dilution of the [14C]acetyl-coenzyme A may have taken place sufficiently slowly to avoid masking the stimulating effect of glucose. The acceleration of the metabolism of glucose by the addition of hexokinase may be expected to produce a dilution effect similar to that caused by the metabolism of pyruvate, and this was in fact observed (Table 3) .
Effect of p-nitrophenol on fatty inhibition and 8ub8trate oxidation. As previously shown (Terner, 1955 a, b) , the oxidation of acetate via the citric acid cycle was retarded by p-nitrophenol and the oxidation of pyruvate was accelerated. In the present experiments the inhibition of fatty acid synthesis from [2-14C]pyruvate was accompanied by a marked stimulation of oxygen consumption and a large increase in the radioactivity of the respiratory carbon dioxide. Although the inhibition by pnitrophenol of lipogenesis from acetate was apparently largely due to the retardation of the activation of the substrate, the results of experiments in which pyruvate was the substrate show that p-nitrophenol interrupts the chain of reactions leading to the formation of fatty acids at a point past the formation of acetyl-coenzyme A.
Reversal of p-nitrophenol inhibition by simUltaneous oxidation of other substrates. The finding that the inhibitory effect of p-nitrophenol on the oxidation of acetate and its incorporation into fatty acids could in part be reversed by the simultaneous oxidation of glucose or pyruvate appears to be related to the observation reported in a previous paper (Terner, 1956 ) that under certain conditions the inhibition of phosphorylation by p-nitrophenol could in part be overcome by the oxidation of substrates supporting vigorous phosphorylation. It is notable that the increased rate of respiration under the influence of 2 x 10-4M p-nitrophenol was not maintained by 4 x 10-4M p-nitrophenol when glucose (in the presence of hexokinase) was the substrate, while the oxidation of pyruvate continued at the enhanced rate. It appears that p-nitrophenol, when present in higher concentration, interfered with the initial phosphorylation of glucose.
Aerobic and anaerobic synthes8i offatty acids. In contrast to the respiring homogenates of guinea-pig mammary gland employed in the present study the preparations of Brady & Gurin (1952) were insensitive to uncoupling agents such as dinitrophenol. PopjAk & Tietz (1955) reported only 30 % inhibition of fatty acid synthesis from acetate by 2 x 10-4M 2:4-dinitrophenol. Brady & Gurin found that cell-free liver preparations synthesized fatty acids from acetate equally well under aerobic and anaerobic conditions, and it has been pointed out by Brady & Gurin (1952) and Baalen & Gurin (1953) that lipogenesis in pigeon-liver homogenates may be dependent on simultaneous glycolysis. No data regarding the respiratory activity of these preparations were reported. The mammary homogenates of Popjak & Tietz (1954) showed a low respiratory activity, as previously observed in rat-mammary homogenates, in which the absence of a Pasteur effect suggested that the mitochondria had been largely destroyed during homogenization (see Terner, 1954 a) . Nevertheless, the preparations of Popjak & Tietz (1954) Effect of fumarate and oxaloacetate in promoting lipogenesis. Brady & Gurin (1952) and Popjak & Tietz (1954) 
